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DISCUSSIONS ON ARSENIC AT RFETS

During the January 25, 1995 meeting between DOE, RFFO and OUs 5 and 6 EG&G staff,
DOE requested that EG&G provide technical information on the available process knowledge
on arsenic usage at RFETS and an additional data evaluation for arsemc detected in OUs 5 and
6 The purpose of this letter 1s to provide this information

Process Knowledge

As stated 1 the January 31, 1995 correspondence to Kurt Muenchow, DOE/RFFO, from Ed
Mast, EG&G ERPD, Letter #ECM-008-95, EG&G reviewed the Reconstruction of Historical
Rocky Flats Operations & Identification of Release Pownts (CDH, 1992) and the Historical
Release Report for the Rocky Flats Plant (EG&G, 1992) and found no discussion of arsenic
being used and/or released from any of the past processes at RFETS Since then, an attempt
was made to further document any possible uses of arsenic at RFETS, such as a pesticide for
grasshopper control prior to the 1960s or 1970s The ERPD hbranan conducted an extensive
search for references to arsenic 1n the sitewide databases A majority of these references
discussed arsenic as a sample analyte or within a general discussion of chemicals One
reference to the use of arsenic was as a chemical standard for the atomic absorption process 1n
Building 771 However, no references were found indicating that arsemc was used 1n any
large quantities at RFETS Thus, 1t 1s unlikely that the arsenic detected in OUs 5 and 6
sediments results from onsite sources

\rsenic Results in OUs 5.and 6

The arsenic results from environmental samples collected from OUs 5 and 6 are presented by
medmm 1n Table 1 and as follows

Surface Soil, Subsurface Soil, and Surface Water Arsenic was not listed as a PCOC for any of
these media 1n either OUS or OU6

Groundwater Imitially, OU6 omutted total arsenic as a PCOC n groundwater samples using
professional judgment, based primarily on the correlation between elevated metals
concentrations and total suspended solids Although EPA thought that this rationale "appears
generally sound,” they requested that DOE retain arsenic (as well as three other metals) as a
COC mn groundwater based on the fact that the maximum QU6 concentration 1s 18 ug/l and the
PRG 15 0 0038 g/l DOE agreed to handle this 1ssue for OU6 1n the same way as OU2
OU2 had received conditional approval on theirr COC TM with the understanding that a
quantitative risk assessment will be conducted for arsenic 1n groundwater and the results
mcluded 1n the uncertainty analysis (rather than in the risk characterization) section of the
HHRA The risk from these metals, including arsenic, would not be added in with the risks
from the other groundwater COCs
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the very small sample size for the OU data (n=8 for OUS5, n=15 for OU6), and the large
number of nondetects 1n the background arsenic data, the results of the Gehan test, evaluated
below, need to be evaluated carefully

The attached RFETS maps show the distribution of arsenic 1n stream sediments, pond
sediments, and surface soils onsite and expanded offsite to include the OU3 reservours The
various color codes and values shown 1n the legend are the UTLsg for these specific media
10 1 mg/kg for stream seduments, 12 9 mg/kg for surface soils, and 66 7 mg/kg for pond
sediments

Evaluation of Gehan Statistical Test

EG&G examined the statistical comparison of the OUs 5 and 6 stream sediment results to
background For stream sediments, as well as other media, the one test that was
predomunantly failed was the Gehan test Although the Gehan test was proposed as a way to
deal with multiple detection limts and 1s not supposed to be sensitive to sample size or number
of nondetects, there 1s some concern regarding the validity of this statistical test when
comparing data sets with small sample sizes or a large percentage of nondetects

Helsel (1990) notes that, "In the most comprehensive review of these score tests (such as the
Gehan), most of them were found nappropriate for the case of unequal sample sizes "(See
Attachment A ) Gilbert humseif cautioned us about the use of the untested and unproven
Gehan test Gilbert (1993) noted "As the performance of the Gehan test has not, 1n my
opimion, been adequately determined, I recommend that statistical evaluations and comparisons
of 1ts performance with competing tests should be conducted by EG&G at the earliest tume "
Competing tests include the Wilcoxon Rank Sum and Kruskal-Wallis tests, which, according
to Gilbert " are very well known by statisticians and practitioners, and are widely used 1n
many fields of application" (Attachment B)

An evaluation of Gilbert's recommendations, including comparative testing of the Gehan test,
was prepared by Dr Kenny S Crump, ICF Kaiser, at the request of EG&G Rocky Flats Dr
Crump (1993) states as one of his conclusions that "For data containing nondetects, Gilbert
recommends the ad hoc approach of applymng the slippage and quantile tests to the ranks
calculated 1n connection with the Gehan test rather than to the actual data This ad hoc
procedure 1s mvalid and can produce nonsensical results Consequently, 1t should not be
apphed under any conditions "

Weight of Evidence

Attachment C provides a series of tables showing the ranges of arsenic 1n rocks, surface soils,
and sediments It should be noted that "the northern and southern parts of the (Front Range)
Corridor are underlain by marine shale, which typically contain larger amounts of trace
elements " ( Severson and Tourtelot, 1994) As seen 1n these tables, the values of arsenic
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Severson, R C and H A Tourtelot, 1994 Assessment of Geochemical Variability and a
Listing of Geochemuical Data for Surface Soils of the Front Range Urban Corridor,
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U S Department of Energy (DOE), 1993 Background Geochemical Characterization Report
for Rocky Flats Plant Prepared by EG&G Rocky Flats, Inc for DOE (September)

U S Environmental Protection Agency (EPA), 1992 Supplemental Guidance to RAGS
Calculating the Concentration Term Office of Solid Waste and Emergency Response,
Publication 9285 7-091 Washington, D C
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0 knowiciue beow the repo ng himit
Results go 1ot aepend on a distnbunion
al assumption (25}

When severe censoning (near 50% or
more) occurs all of the above tests have
little power to detect differences in cen
tral values The invesugator will find u
difficult to state conclusions about the
relatine magnitudes of central values
and other characteristics must be com
pared For nstance con ingency tables
(class 3} can test for a difference n the
proportion of data above the reporung
limit 1n each group (20) This test can be
used when the data are reported only as
detected or not detected 1t also mav be
used when response data can be catego
nized into three or more groups such as
below detection detected but bclow
some health standard and exceeding
standards The test deterrnines whether
the proporuion of data falling nto each
response categon differs as a function
of different explanatory groups such as
different sites or land use categones

Hypothesis testing with multiple re
porting limits More than one reporung
limit often 1s present n environmental
data When this occurs hypothesis tests
such as comparisons between data
groups are greatly complicated The fab
ncauon of data followed by computa
uon of 1 tests or similar parametnic pro
cedures 1s at least as arburarv with
multiple reporting limits as with one re
porung hmut and should be avoided
Also cata belew all reporung lhimus.

should never be deleled beto-e tesing.

Tobut regression (class Iy can be used
with muluple reporung ruts Data
should have a normal ¢ sinbution
around all group means and equal group
variances to use the test These assump
tons are difficult to venfyv with cen
sored data especualiy for small data sets

One robust method that alwavs can be
used 15 to censor all data at the highest
reporting it and then pertorm the ap
propniate nonparametric test Thus the
data set
<1 <1 <1 578<i0<10<10121625
would become

<10 <10 <10 <10 <10 <10 <10 <10
<1012 16 25
and a rank-sum test would be performed
to compare this with another data set
Clearlv this causes a loss of informauon
which mav be severe enough 10 obscure
actual differences between groups (a
loss 0 powc , For some situdations
however this v the best that can be
done

Alternativelv nonparametric score
tests common 1n the meaical  sunival
anals sis rerature sometimes can be
pplied to '~ case of mulupi “cporung
imits (26 These tests moaiy uncen
sored rank test stausncs to compare
crouns of data The modarfic 1008 410w

00 the presence of muluple reporting tion can be documented tobit recress1on
himits  In the most comprehensive re {clas  2) offurs the ability to mncorporare
view of these score tests (27) most of  muluple reporung hmuts regardless of 4

them were found mmappropriate for the  change n censoring mechanism Score

case ol _unequal sample sizes Another  tests (class 3) require consistency 1n the

crucial assumption of score tests 1s that  censoring mechanism with respect to the
the censoning mechanism must be inde effuct being tested

pendent of the effect under investigation
(see box) Unfortunately this often _js
not the case_with environmental data With censored data the use of ordi
The Peto-Prentice test with an asymp-  nary least squuares (OLS) for regression
totic varance esumate was found to be  1s prohibited Cocfficients for slopes and
the least sensitive 10 unequal sample siz-  ntercept cannot be computed without
es and to differing censoring mecha-  values for the censored observations
nisms (27)
In summary -robusi -hvpothesis—tests—- produce coefficients strongly-dependent——""
have several advantages over therr dis-  on the values substituted Four ulterna
tributional counterparts when they are  uve methods capable of incorporating
apphe. to censored data These advan-  censored observations are described be-
tages include freedom from adherence to  low The first and last approaches Ken-
a normal distnbution greater power for  dall s robust fit (28) and contingency ta-
the shewed distnbutions common to en-  bles (20} arc nonparametnic (class 3)
vironmental data comparisons between  methods requiring no distributional as
central values such as the median rather  sumptions Raobust correlanon coeffi-
than the mean and the incorporation of  cients also are mentioned (20) Tobut
data below the reporung himn without  and logistic regression (24 29) the sec
fabnication of values or bias Informa ond and third methods fit lines to data
tion contained 1n less-than values is used  using maximum likelthood (class 2)
accurately and does not misrepresent the  Both methods assume normahity of the

state of that information

Methads for regression

and substituting fabricated values may

residuals though with logistic regres-
When adherence 10 a normal distnibu-  sion the assumption 1s after a logit

The appropriateness of score tests

When a score test is not appropriate

Score tests are inappropnate when the censonng mechanism differs for the
two groups That 15, the probabiity of obtaining a value below a given report-
ing hmit differs for the two groups when the null hypothesis that the groups are
identical 1s true

1 Suppose a trend over time i1s being investigated The first five years of
data are produced by a method that has a reporting hmit of 10 pg/L, the sec-
ond five years of data are compiled by an improved method with 1 ug/L as its
reporting mit A score test of the first haif of the data versus the second would
not be vald because the censoring mechanism itself varies as a direct func-
tion of time

2 Two groups of data are compared as in a rank-sum test, b.t most of the
data from group A were measured with a chemical method having 1 as its re-
porting hmit and most of group B were measured with 2 method having 10 as
its reporting hmit A score test would not yield valid results because the cen-
soring mechanism varies as a function of what 1s being investigated (the two

groups)
When a score test is appropriate

A score test yieids vaiid results when the change in censoring mechanism (s
not related to the effect being measured Stated another way, the probability
of obtaining data below each reporting hmit 1s the same for all groups, assum-
ing that the null hypothesis of no trend or no difference Is true Here a score
test provides much greater power than does artificially censoring all data be-
low the highest reporting imit before using the rank-sum test

1 Compansons have been made between two groups of data collected at
roughly the same time and analyzed by the same methods, even though those
methods and reporting imits have changed over time Score tests are vahd in
this case

2 Difening reporting hmits result from analyses performed at different lato
ratories but each sample hac been assigned at random to the different labo
ratorres Censoring thus is not & tunction of what 1s being tested but s a ran-
dom effect and score tests would be vahd

ATTACHMENT A - HELSEL, 1990
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replacement of non-detects, testing for distribution shape and
variance, and conducting appropriate t tests or the WRS test.

As the performance of the Gehan test has not, 1n my opinion, been
adequately determined, I recommend that statistical evaluations ‘ﬁi;\

and comparisons of 1ts performance with competing tests should be

conducted by EG&G at the earliest time. The performance

assessments should specifically include data sets that contain one

or more nondetects larger than detects The performance of the

Gehan test (or any other test) for this situation has not, to my

knowledge, been studied. More generally, future work should

include considering how to statistically analyze data sets that

contain nondetects that are larger than all detects

Example- We use the RFP data in Figure 1 and a Type [ error rate of 0 05
In Figure 7 the ordered background and OU data as well as their
Gehan ranks and scores are displayed. Using these scores [a(RJ]
and m = 10, n = 20, N = 30 1n the equation for Z, we find that
Z = -0.7376 Since Z 1s smaller than 1.645, we conclude that
Gehan's test does not indicate the analyte 1s a PCOC.

Test 6. t test

Purpose The t test 1s one of the most widely known statistical tests for
testing that the means of two populations are different  When the
background and OU data are normally and independently distributed,
each distribution has the szme variance, and neilther data set
contains any nondetects, the t test 1s the preferred test

Method: The reader 1s referred to a statistics book for how to conduct a t
test, e g , Snedecor and Cochran (1980, pp 89-99)

Examples We use the RFP data in Figure 1 However, the t test 1s not
recommended because some OU cata are nondetects The Gehan test
should be used i1nstead because nondetects with multiple detection
Timits are present If no nondetects were present then the WRS

test 1s appropriate

Summary Ccmments for PHASE IV

The tests discussed above have been applied to the data 1n Figure 1. We found
that the HM comparisons 1dentified 2 OU measurements that exceeaed the 95% UTL
on th. 95th percentile. However, the Slippage, Quantile and Gehan tests did
not indicate the analyte 1s a PCOC The next step 1s to apply professionz]
. sagment, geochemical analyses, and knowledge of RFP (Phasz V) to evaluate the
tlidity of the i1ndividual measurements and the results or the statisticzl
tests  (These checks supplement the data valiaity cnecks made curing Phease 2
(data collection/validation.) If uncertzinty remains after this evaluzt.on,

ATTACHMENT B - GILBERT, 1993
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AVERAGE ABUNDANCES OF ELEMLNTS 545

Element Crust Granite Basalt Sea ater
% 110 50 250 130 00025
Cr 100 20 200 100 3Ix 1074
Rb 90 150 30 140 012
Ni 75 08 150 80 00017
Zn 70 50 100 90 00049
Ce 70 '’ 90 10~ 30 70 1x10°¢
Cu 50 12 100 50 $x 1074
Y 35 40 300 - 35 1 x 10-8
La 35 ul 5500, 107 40 3Ix 1076
Nd 30 oo 3s a7 20 30 3x 1078
Co 22 3 43 20 5x 1073
L 20 30 12 60 018
N 20 20 20 60 150
Sc 20 8 35 15 6x 1077
Nb 20 20 20 15 1 x 1073
Ga 18 18 18 25 3% 1078
Pb 125 20 35 20 3x 108
B 10 15 5 100 44
Th 85 20 15 12 1 x10"4
Pr 3 10 4 4 9 6 x10°7
Sm 7 M 91 5 -~ 7 5x10°8
Gd 7 8 6 6 7x10°7
Dy 6 65 4 5 9x 1077
Er 35 45 3 ~- 35 8 x 1077
Yb 35 4 \V- 25 b~ 35 8 x 10°7
Be 3 5 05 3 6% 1077
Cs 3 5 1 7 4 x10°*
Hf 3 4 15 4 7x10°¢
U 27 5 0s 35 00032
Br 25 05 05 5 67
Sa 25 3 2 6 I x 108
C[a 2 35 1 2 2x 1078
As 18 15 2 00037
Ge 15 15 15 $x 1073
Mo 15 15 1 2 00t
Ho 15 2 . 1 - K 2x 10”7
Eu 12 100 15 -~ 14 1x10°°
w 12 1s 08 18 1x 1074
Tb 1o 15 ' 08 1 1x10°7
Tl 08 12 02 1 1 x 1073
Lu 06 07 05 ““~' 06 2x 1077
Tm 0s 06 05 06 2x 1077
Sb 02 02 02 15 24 x 107
I 02 02 01 2 006
cd 01s 01 02 03 1x10°*
B 015 02 01 02 2 x 10~%
In 006 005 007 006 1x10°7
Ag 007 004 01 01 4 %1073
Se 005 005 005 06 2% 107
Hg 002 003 001 03 3x10°*
Au 0003 0002 0004 0003 4 x 1078

———




ARSENIC
PROGRAMMATIC PRG = 3 66E-01

Legend

Average value in Granite (Krauskopf)

Box and Whisker Plot Average value 1n Basalt (Krauskopf)

.ff Break in Scale Average value in Shale (Krauskopf)
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